ABSTRACT *
INTRODUCTION
Medication adherence is gaining recognition among clinicians, healthcare systems, and governments because of the increasing concerns of the high prevalence rate of non-adherence and its associated adverse outcomes and higher costs of care.
The prevalence of diabetes for all age-group worldwide was estimated to be 2.8% in 2000 and expected to rise to 4.4% by 2030. 1 The cost of managing diabetes as well as the associated complications has a significant impact on the healthcare systems of many countries. In US for example, the direct cost incurred in the management of diabetes include USD31 billion for general medical cost, USD27 billion for the provision of care in the direct treatment of the disease and also USD58 billion for the treatment of diabetes-related complications. 2 The World Health Organization in their medication adherence report has quoted the statement by Haynes et al. 3 that "increasing the effectiveness of adherence interventions may have a far greater impact on the health of the population than any improvement in specific medical treatments". The treatment of chronic illnesses like diabetes commonly includes the long-term use of pharmacotherapy. Although these medications are effective in combating the disease, their full benefits are often not realized because approximately 50% of patients do not take their medications as prescribed. 4 A patient's ability to follow treatment plans to achieve results is frequently compromised.
Factors contributing to poor medication adherence are myriad 5 and include those that are related to patients (e.g., suboptimal health literacy and lack of involvement in the treatment decision-making process), those that are related to physicians (e.g., prescription of complex drug regimens, communication barriers, ineffective communication of information about adverse effects, and provision of care by multiple physicians), and those that are related to health care systems (e.g., office visit time limitations, limited access to care, and lack of health information technology). Because barriers to medication adherence are complex and varied, solutions to improve adherence must be multifactorial.
Adherence has been defined as the active, voluntary, and collaborative involvement of the patient in a mutually acceptable course of behavior to produce a therapeutic result. 6 
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In the premiere teaching hospital in Ghana, diabetes accounted for 6.8% of all adult admissions and also accounted for 7.8% of all adult death. 7 In 2009, diabetes mellitus also ranked first in the top ten admissions of the hospital. Patients obtain their oral antidiabetic drugs either via the National Health Insurance scheme or by purchasing their own medications. Knowing the level of adherence among oral antidiabetic drug users and identifying the probable factors contributing to their medication adherence have implications for designing strategies to improve adherence. This study therefore sought to determine the level of adherence to antidiabetic drugs by type-2 diabetic patients and explore the contributory factors to nonadherence.
METHODS
This was a cross-sectional descriptive study using systematic sampling to collect quantitative data. Patients attending diabetic clinic at the Medical outpatient department of the of the Korle-bu Teaching Hospital are normally given appointment dates and to which they are expected to come for review. Therefore participants were identified using the list of all the patients attending the clinic on the different clinic days during the study period. The sample size was calculated using the precision method. This was based on the assumption of a minimum estimated adherence rate of 25% 8 at a 95% confidence interval with 80% statistical power to obtain a sample size of 224. The first patient was randomly selected through a ballot of a set of balls numbered 1 to 5, and the first number picked then became the first patient. Beginning from the first patient picked as the starting point on the attendance register for the day every 5 th person was selected till the total number of patients required for the sample was selected.
The study setting was a 2000 bed tertiary care facility with an average daily out-patient attendance of 1500 and an average admission rate of about 250 patients per day. Type 2 diagnosed patients between the ages of 18 and 75 who visited the medical out-patient department of the hospital were included in the study.
Data were collected from May to June, 2011 using a self-administered questionnaire. The questionnaire consisted of respondents' demographics such as gender, age, levels of education, occupation, marital status, monthly income and mode of payment of diabetic drugs. It also included questions to test their knowledge and beliefs of diabetes mellitus and the use of oral anti-diabetic drugs. The questionnaire was translated into local languages such as Ga, Twi and Ewe and back into English to ensure uniformity without altering the questions to be communicated to the respondents.
Adherence level was determined with the Morisky Medication Adherence Scale (MMAS).
9 This is a 4-item inventory used in assessing both unintentional and intentional non-adherence behaviors. Adherence in this study was defined as a "NO" response (or a score of 1) to each of the questions on the scale. Four then became the excellent adherence score. However, in this study, binary variables using categorization of 3 or greater versus <3 representing adherent and non-adherent patients respectively was used. This was based on acceptable adherence rate of 75% as the cut-off point for adherence. 8 Retrieved copies of the questionnaire were entered into SPSS version 16 for descriptive statistics and inferential statistics. Factor analysis of the 4 questions of the MMAS was undertaken to determine the direction of their measurement. Logistic regression was performed with statistical significance determined at p<0.05. Approval was obtained from the Internal Research Ethics Review Board of the Public Health Unit of the Hospital.
RESULTS
A total of 200 questionnaires were retrieved, crosschecked for accuracy and entered for analysis. This represented a response rate of 89.3%. Many of the respondents (27.1%) were aged 50-59 years. Females were more than males and over a third 65 (32.8%) had at least secondary education. Respondents' demographic characteristics are presented in Table 1 .
About 47.5% of the respondent had been diagnosed of type-2 diabetes for between 5-10 years, 31% for less than 5 years, 18% for more than 10years and only 3% did not know. Retinopathy (66.5%) and foot ulcers (73%) were the commonest knowledge of diabetes complications among the respondents. The others included nephropathy (28%), neuropathy (35%), erectile dysfunction (31%), and 5.5% did not know.
The majority of the respondent (79%) took Metformin as part of their regimen, and then glibenclamide (57.5%), tolbutamide (16%), pioglitazone (10%) and rosiglitazone (1%). The correlation analysis between the 4 questions of the MMAS showed strong correlation among them (see Table 2 ).
The level of adherence among respondents based on excellent adherence where respondents had a perfect score of 4 was 11%. Moreover with an acceptable score of 75%, 38.5% of the respondents were adherent (Table 3) . Table 4 .
DISCUSSION
Adherence to oral anti-diabetic drugs measured in this study at a cutoff point of 75% or higher was 38.5%. The adherence rate was similar to a study conducted in Egypt in which the adherence rate was 38.9% 10 and Mexico with an adherence rate of 41%. 11 However this was lower compared with 60% in a similar study conducted in Southwestern Nigeria 12 and 78.3% in Brazilian study. 13 Although these reported rates of adherence vary with respect to the previous studies, these serve to confirm the problem of non-optimal adherence among the majority of patients with chronic medical conditions. The findings showed that there was a positive significant association between the level of education and adherence. This was consistent with other studies. 10, 13 Educated patients are more likely to know the consequences of diabetes and the complications associated with diabetes and as such tend to adhere to their medications.
In addition, patients with no/low educational backgrounds were unable to read effectively or understand the instruction provided by the health professionals and as such were not able to take their medications optimally. Drug therapy in diabetes is increasingly becoming more complex and as such patients need to understand the regimen prescribed by their health providers to aid adherence and good health outcomes.
Occupational status was not associated with level of adherence. This was also similar to studies from Uganda 14 and Malaysia 15 where the nature of work of diabetes patients did not have any association with adherence to oral antidiabetic drugs. The ability to obtain medications by health insurance scheme holders contributed to adherence. Regular income earners who did not use health insurance in acquiring their medications could make regular purchases.
There was an inverse but significant correlation between the total number of oral anti-diabetic drugs taken daily and adherence. Adherence rates decrease as the pill burden increases as with the study by Dailey et al. 16, 17 An earlier work had also concluded that patients became more adherent when they received fixed-dose combination therapy which reduced pill burden instead of the combination therapies. 18 Although duration since diagnosis 19 had been shown to be associated with increased adherence, this study found otherwise. For example, a study conducted in Mexico showed that newly diagnosed patients had poorer adherence to their medications. 20 In chronic diseases such as type 2 diabetes mellitus, the attitude of patients in denying the disease is reduced as patients accept treatment after years of suffering from the disease.
Patients who receive information about their disease and medication from healthcare providers are more adherent 21, 22 but like in a previous study this was not the case.
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Limitations
This study was conducted in a tertiary setting where most diabetic patients across the country with uncontrolled sugar levels and complications are referred for management. Participants' frequent interactions with physicians may affect their attitudes and perceptions about medication adherence during the study period. Another important limitation is that patients could be giving wrong estimates of their adherence levels when using a self-reporting method. Also the number of factors contributing to adherence explored in this study might not have been comprehensive.
CONCLUSIONS
Adherence in diabetic patients was low among respondents and this can be improved through education, counseling and reinforcement of selfcare. It is also recommended that prescribing regimen with fixed-dose combinations which tend to reduce both the frequency of intake as well as the pill burden can contribute to adherence.
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